Liquid crystal l polymer composite (LCPC) films can be electrically switched from a light scattering off-state to a transparent on-state dUe to the refractive index mismatch or match between the polymer matrix and LC. We have proposed novel LCPC films prepared using a UV curable liquid crystal (UVCLC) as a polymer matrix material, which has an anisotropic optical property in contrast with an isotropic polymer matrix of conventional LCPC films. We investigate the optical properties of nematic LC 1 UVCLC composite films with homogeneous-, twisted-and hybrid-modes. All of these films show a reverse mode property which have a transparent off-state and light scattering on-state, and wide viewing angle properties in both states. The refractive index match or mismatch is discussed through the relation between the incident light angle and optical axes of the LC and UVCLC.
Introduction
Liquid crystal /polymer composite (LCPC) films or polymer dispersed liquid crystal (PDLC) films have considerable potentials for a wide range of applications, such as information displays, switchable windows [1] [2] [3] [4] [5] [6] or thermally addressed display devices. [7, 8] LCPC films usually consist of a thin film of polymer binder in which LCs are dispersed, and are sandwiched between two indiumtin-oxide coated glass substrates. A common way of preparing LCPC films is to employ the technique of polymerization induced phase separation (PIPS). Photopolymerizable materials are well used because of their simplicity and easy manufacturing in display panel productions. In the PIPS process, a LC and a monomer are uniformly mixed, and the polymerization reaction is introduced by the irradiation with W light, finally the mixture separates into LC-rich phase in a polymer-rich matrix.
An incident light is scattered through the LCPC film by the mismatch between the refractive index of the LC for an extraordinary ray and the that of the polymer matrix. If the LC used has a positive dielectric anisotropy, the LC is aligned perpendicular to the substrate by the electric filed applied across the film. The film appears transparent because of the match between the refractive index of the LC for an ordinary ray and that of the matrix. On the other hand, reverse mode LCPC films which have the transparent off-state and the light scattering on-state have been proposed. These films consist of the polymer matrix and the LC with negative dielectric anisotropy [9] or dual frequency addressable LC. [10] Recently, we have proposed novel reverse mode LCPC films [11] using a W curable LC (IJVCLC) material [12, 13] as a polymer matrix. The UVCLC material has the LC phase at room temperature and can easily be aligned by using a conventional nematic LC alignment technique. This material can 
Experimental
We have used the UVCLC which consists of some LC monoacrylates having no methylene spacers in side chains and shows a nematic phase at room temperature (c+O.7, D=ne 1.664, no=1.513, TNI=52.0°C). The nematic LC with positive dielectric anisotropy is E44 from Merck Co., Ltd., (M=+16.8, ne=1.785, no=1.527, TNI=100°C).
The UVCLC and the LC were mixed at the ratio of 15:85 by weight, which also exhibits the nematic phase at room temperature. The mixture was sandwiched between two glass substrates coated with a polyvinylalcohol (PVA) or a polyimide (PI) and rubbed for a planar alignment, or treated the homeotropic alignment. We fabricated the homogeneous-, twisted-and hybrid-modes LC cells and the cells were irradiated with UV light of 20 mW/cm2 for 500 s at room temperature. The UVCLC in this mixture was polymerized and formed three dimensional network keeping the molecular alignment state. The cell thickness was controlled using plastic beads (11.tm in diameter).
Electro-optical properties of the composite films were measured using a He-Ne laser (1 mW) or a laser diode (X=670 nm) and a silicon photodiode. The collection angle of scattered light for transmission was set to about 1°. The response time was defined as the time period to change to 90% of transmittance. Figure 1 shows the electro-optical properties of the homogeneous-mode composite film. When the polarization axis of the incident light is parallel to the rubbing direction, the transmittance decreases with increasing a voltage. Applying a high voltage across the film, the LC molecules align perpendicular to the substrate, and the effective refractive index decreases from nLC,e to nLC o. The matrix appears to have the refractive index nM,e; consequently, the incident light is strongly scattered.
On the other hand, for the incident light polarized perpendicular to the rubbing direction, the refractive index of the matrix is nM ,O and that of the LC still take the value of nLC,o with any applied voltage. As a result, the index matched condition keeps, and the light scattering does not occur. Transmittances for the unpolarized incident light show average values of transmission levels for the parallel and perpendicular polarization under each applied voltage. All curves show the hysteresis property which is observed in conventional PDLC cells.
For the incident light polarized parallel to the rubbing direction, viewing angle properties are measured in 4-and 8-directions which are defined in For ~-direction, the viewing angle property becomes slightly narrower than that for 8-direction. Both refractive indices of the matrix and LC are those for the extraordinary ray at any incident angles. However there is a small difference between nM ,e and nLC,e, and the transmittance gradually decreases with increasing the incident angle, that is, increasing the light pass through the film.
On the other hand in the light scattering on-state, the viewing angle property for ~-direction is better than that for 0-direction. The matrix and LC appear to have refractive indices of nM ,e and nLC,o at any angles of (1); hence the index mismatched condition can be always attained. The index mismatched condition for 0-direction can also be obtained at both small and large incident angles, where the refractive indices change from nM ,e and nLC,o to nM,o and nLC,e, respectively, with increasing the incident angle. However, the refractive index of the matrix become closer to that of the LC at the middle incident angle; consequently, the transmittance slightly increases and becomes maximum at about +50° on either side of 0 angle .
Twisted-mode composite film
The twisted-mode composite film was prepared from the mixture of the LC and the UVCLC added small amount of chiral material to prevent the generation of reverse-twist disclmations. The rubbing direction on one PVA coated substrate was perpendicular to that on another substrate. The film is also transparent after the phase separation. Moreover, it appears dark and bright between crossed and parallel polarizers, respectively. It shows that the light polarization plane is rotated Fig. 2 Schematic models of the homogeneous-mode composite film and the relation between incident angle of 4 and 0, and index ellipsoids of the matrix and LC. When the polarization axis of the incident light is parallel to the rubbing direction on the entrance side of the film, the transmittance decreases with increasing the applied voltage due to the similar reason of the homogeneous-mode composite film. On the other hand, the light with the polarization axis perpendicular to the rubbing direction is also scattered to some extent by applying voltage. It is considered that the optical rotatory power disappears by the reorientation of LC molecules and the refractive index mismatch between nM ,e and nLC,o occurs in the exit side of the film. Moreover, we can obtain stronger light scattered on-state than that in the homogeneous-mode composite film when incident light is not polarized.
Viewing angle properties were also measured for the incident light polarized parallel to the rubbing direction on the entrance side of the film. Figure 5 shows the film configuration and the relations between angles of and 0, and index ellipsoids of the matrix and LC in the off-and on-states. In the transparent off state, viewing angles of 4 and 0 are narrower than those of the homogeneous-mode composite film as shown in Fig. 6 , since the optical rotatory power seems to decrease at large incident angles. In the on-state, strong light scattering and wide viewing angles can be attained in both ~-and 0-direction, compared to that of the homogeneousmode composite film. The reason is also considered to be the optical axis rotation of the matrix.
Hybrid-mode composite film
The hybrid-mode composite film was prepared using the rubbed PI and the homeotropic alignment coated substrates. On the rubbed PI, the UVCLC and LC molecules are tilted by a few degree opening in the rubbing direction, which prevents the generation of reverse tilted domains. to the substrate with and without applied voltage, the light scattering power is weaker than that in the homogeneous-mode composite film. Transmittance curves for the polarized incident light perpendicular to the rubbing direction and unpolarized incident light are nearly same as those in the homogeneousmode composite film. Figure 9 shows viewing angle properties. In the off state, the viewing angle for B-direction is the widest in three types of composite films investigated. Moreover, the curve seems to be slightly unsymmetric, and the transmittance for -8-direction is higher than that for +6-direction. The curve for 4-direction is symmetric because of the symmetrical distribution of the index ellipsoids of the matrix and the LC and its viewing angle is comparable to that in the homogeneous-mode composite film.
In the on-state, the viewing angle property of o is also unsymmetric. The tilted angle of the matrix axis opens in -9-direction as schematically shown in Fig. 8 ; therefore the effective refractive index of the matrix for the obliquely incident light of -8 is larger than that of +9 . The refractive index of LC increase with increasing the incident angle, and it becomes closer to the effective index of the matrix at a certain obliquely incident angle of -e, as a result, transmittance becomes maximum at about -45°. On the other hand, the curve for the -direction is symmetric in the same manner as that in the off state. 
